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BACKGROUND OF THE INVENTION 



BRIEF SUMMARY OF THE INVE^^"ION 



1 , Field of the invention. 

The present invention relates to the field of 5 
holography, and more particulariy to methods end 
apparatus for creating two-dimensional holographic 
patterns. 

2. Prior Art. io 

Holographic Images have been a source of won- 
der and amusement for a numt>er of years. 
Holographic images create the impression of a three- 
dimensional object from the illumination of a two- is 
dimensional hologram. Holographic images have also 
been used for various practical applications wherein 
their unique characteristics readily distinguish the 
same from oonvsntionat images. In that regard, prot>- 
at>ly the t>est known example at the present time is the 20 
holographic image of a dove used on credit cards for 
authentication purposes. In particular, the advantage 
of using a hologram to provide a readSy recognizable 
holographic image is that the same is not reproducible 
by ordinary printing or photographic processes. The 25 
diflicidty with such holograms, however, is that they 
are relatively expensive to first produce, and not par- 
ticularly inexpensive to reproduce In quantity, thereby 
tending to linrrit their application for authenticating 
items to those things of sufTicient value to justify the 30 
costs involved. In comparison, there are a large num- 
ber of Items of lesser value which, without some simi- 
lar authenticating marking. are frequently 
counterfeited and used, to the very substantial loss of 
the issuer. Such things include tickets and passes of 35 
ail kinds, including tickets for sporting events, passes 
for public <ransportatk>n, etc. In the cases of these 
examples, the counterfeit copies are offered to a rela- 
tively unsophisticated ticket taker or bus driver under 
circumstances not allowing signtficant time and atten- 40 
tion to evaluate the same, so that the quality of the 
counterfeit copy need not be that good to have a high 
likelihood of being accepted. While the addition of 
color to tickets in past years has helped, the Increased 
popularity of color copiers has more recently offset 4S 
that gain. If, on the other hand, like the credit card, 
such Items could be authenticated by an appropriate 
hologram at a reasonable cost, the genuine item 
would be quickly recognizable by the casual ot>S6rver. 
and would be too costly and difficult to reproduce in so 
small quantity for counterfeiting purposes. Further, if 
the hologram could be changed frequently, such as by 
way of example changed for each sporting event, or 
changed monthly for a one month transportation pass, 
authenticatkHi becomes even easier at the time of use 55 
of the ticket, pass, etc., and more diffk:uttfor the would 
be counterfeiter Io reproduce. 



Decorative holographic diffraction grating pat- 
terns and methods of creating the same whk:h provide 
tow cost computer generation of two-dimensional 
holographic patterns and the generation of very large 
holographic patterns. In accordance wtth the nnethod, 
the desired pattern Is made up of a large plurality of 
individual spots, each spot comprising a holographk: 
diffraction grating of a predetermined grating spacing 
end angular orientation for that spot. Variatk>n of the 
angular orientation and/or grating spacing t>etween 
spots and/or groups of spots provide the desired 
holographic effect. The spot locations may vary as 
desired, including locations drawing out a desired pat- 
tern, and two-dimensional orthogonal matrices in 
which a pattern Is drawn by variations between spots 
or group of spots as in a raster scan type bnage. Vari- 
ous emt>odiments and methods for creating the same 
are disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representatton of one type 
of holographic pattern which may k>e formed by 
the present invention. 

Figure 2 Is a view taken on an expanded scale 
Htustratlng the use of rectangular or square spots 
In the holograms of the present biventlon. 
Figure 3 is a bk>ck diagram of one embodiment of 
apparatus for fonming the holograms of the pre- 
sent invention. 

Figure 4 is a block diagram of an alternate embo- 
diment apparatus for forming the holograms. 
Figure 5 is a block diagram of a further alternate 
embodiment apparatus for forming the holog- 
rams. 

Figure 6 is block diagram of a still further alternate 
embodbnent apparatus for forming the holog- 
rams. 

Figure 7 is a schematic representation of an 
apparatus for forming holograms in accordance 
with the present invention partictdariy suited to 
the formation of relatively large holograms rang- 
ing by way of example from poster to billboard 
size. 

Figure 8 is a schematic representation of an 
apparatus for fomning holograms through the use 
of diffraction grating transfers. 
Figure 9 is a schematic representatk)n of an alter- 
nate spot configuration geometry. 
Figure 10 is a schematic illustration of a bOlboard 
size hologram lighted from a plurality of locations. 
Figure 1 1 1s a block diagram of an emk>odinnent of 
the apparatus for forming the hologram of the pre- 
sent inventk>n similar to the apparatus of Figure 
3 iHJt further incorporating the ability to vary the 
spacing of the diffraction grating as well as the 



2 



EP 0 467 601 A2 



angle thereof. 

Figure 12 is a schematic illustration of the 
apparatus of Figure 1 1 for vaiying the diffraction 
grating spacing. 

Figure 1 3 is a schematic representation of a still 
further alternate embodiment apparatus for form- 
ing the holograms of the present Invention. 

DETAILED DESCRIPTION OF THE IKIVENnON 

First referring lo Figure 1, a schematic represen- 
tation of a hologram fabricated in accordance with the 
present bivention may be seen. The pattern llustrated 
In the Figure Is a relativeiy nongeometric pattern, 
though IS defined by a relatively large plurality of indi- 
vidual spots, each of which is a diffraction grating of 
a predetermined gradng separation and angle with 
respect to the orthogonal axes of the spot matrix. As 
illustrated in the Figure, each spot tn the entire matrix 
in this example is comprised of a drffraction grating, 
with the result that different patterns and character- 
istics of the hologram will be viewable from different 
angles when the same is Sluminated, typically with 
white light Each spot of course win also have a 
characteristic color which wilt vary depending upon 
the angle of the incident illumination and the ot>server. 
Obviously, of course, if desired, only specific spots or 
spot patterns might consist of diffraction gratings, with 
other areas merely being one or more solid colors or 
some other form, so that when the same Is observed 
from appropriate angles the design but not the back- 
ground will appear to have holographic character- 
istics. Further, of course, if desired, a free form pattern 
of spots, each of appropriate diffraction grating angle 
and spacing, may be used rather than the orthogonal 
spot matrix illustrated* though in general the ortho* 
gonal matrix is preferred as being more consistent 
with computer generation techniques and more rea- 
dfly reproducible by a modified step and repeat pro- 
cess. 

In Rgure 1, each spot comprises a single circular 
diffraction grating of parallel, equally spaced grating 
lines. This Is not a limitation of the present inventton, 
however, as spots of other physical geometries, such 
as. by way of example, square or rectangular geomet- 
ries as illustrated in Figure 2 may be used. Here the 
spots. In essence, totally fill the area Involved. The 
spots as shown are being shown for illustration pur- 
poses only and comprise no specific pattern. Also 
illustrated in Figure 2. however, are regions 20 and 
22. both of which comprise, in essence, an overlay of 
two diffraction patterns so as to make the spot, when 
illuminated, visually active firom additional angles 
and/or with other colors. In that regard, while regtons 
20 and 22 comprise an overlay of diffraction gratings 
of the same line spacings txjt with different angles, 
overlays with the same angle, but different grating 
spacing and/or with different angles and different 
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spacings of course are readily useable, depending 
upon the visual effects desired. 

Also, if desired, diffraction gratings comprising 
curved lines to spread the viewing angle of each spot, 
such as shown in region 24. may also be used within 
the principles and concepts of the present invention. 
However, spot sizes normally will be kept sufficiently 
small so that the effect achievable by overlaying dif- 
fraction grating patterns may be substantially 
achieved by merely placing the two desired patterns 
side by side in neighboring spot positions, so that in 
jnany cases overlaying of patterns will not be neces- 



saiy. Also, as shall subsequently be seen, certain 
methods of forming the diffraction grating patterns of 

15_ the present invention wai readily accommodate the 

use of overlaying patterns of different spacing and/or 
angles at the same spot location, though other techni- 
ques do not lend themselves well to such overlays. 
Similarty. the extent of curvature one might normally 

20 prefer to have within a given spot size usually will 
effectively t>e more easily accomplished by using 
smaller spot sizes and changing the diffraction grating 
angle between ad|3cent spots. In any event, it may be 
appreciated that hy using speciTic ispot patterns, a cer- 

25 tain pattern may be visil>le under certain lighting and 
viewing angle oondittons (varying in color as lighting 
and/or viewing angles change), with another pattern 
or additional pattems being viewable under other 
angles of lighting and viewing). Thus, by way of 

30 example, for authentication purposes a hologram in 
accordance with the present invention might be 
placed on each football game ticket showing from cer- 
tain angles the date of the game and from other 
angles the logo of one or both teams, all in a charac- 

35 teristic mufti and varying color pattern so as to not be 
susceptible to unauthorized duptication. 

Now referring to Figure 3, a triock diagram of a 
system for forming a hologram in accordance with the 
present invention n>ay be seen. As shown therein, a 

40 laser 26 directs coherent light to a rotatable head 28 
having a diffraction grating mounted therein. The dif- 
fraction grating, aside from passing part of the primary 
or zero order beam 30. diffracts the incoming beam to 
create the upper and tower first order beams 32 and 

45 34. Beam 30 is blocked by a suitable mask, with 
beams 32 and 34 t>etng focused to a common point 
by lens 36 which may t>e either a glass or a 
holographic lens. For best performance. . the lens 
should have a small F number, such as. by way of 

50 . example, in the range of 0.8 to 1 .5 so that the two first 
order beams striking the photosensitive plate 38 are 
at a sufficient angle to produce a grating with the des- 
ired spacing. The photosensitive plate 38 itself is 
mounted on a molorfzed X-Y tat>le 40 with the t>ounds 

55 of each spot to be exposed being defined and limited 
by an aperture plate 42 which may define a round, 
square, or other shaped spot as desired. Finally, an 
. electronic shutter 44 is provided in the optical path to 
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control the exposure time arnJ. of course, prevent 
exposure when fncrementing the system for (he next 
exposure. 

In operation, a computer 46 controls electronic 
shutter 44 and a three channel servo motor controller 5 
48 to control motor 50 which rotates the diffraction 
grating 28. and to control the two axis tat4e 40 to $uc- 
cessh^ely increment the position of the photosensfthw 
plate 38 from spot location to spot location. In the sys- 
tem shown in the Figure, the angular orientation of the io 
d^raction grating for a spot may be controlled by 
rotating the head 28 under control of the computer 
and, of course, exposing the photosensitive plate at a 
given spot location, with different angle settings of 
rotating head 28 providing diffraction grating patterns, is 
such as, by way of example, those shown as patterns 
20 and 22 in Figure 2. The system of Figure 3 will not 
however, conveniently allow the variation of the sepa- 
ration of the lines in the diffraction grating, something 
that can readily be achieved in embodiments 20 
hereinafter descrit>ed. 

In operation, computer 46 is used to create the 
desired pattern, preferably in color on the display 50, 
each different color representing a different diffraction 
grating and/or grating angle in accordance with a pre- 25 
determined relationship or mapping therebetween. 
Once the desired pattern is created, the print or exp- 
ose, operation Is InlUated. The computer then controls 
the two axis table 40 to present the first spot position 
for exposure, rotates head 28 to the desired difTracUon 30 
grating angle and opens and doses shutter 44 for the 
exposure of the respective spot. The desired effi- 
ciency or brightness of each spot can be controlled by 
the length of the exposure. If a second grid is to be 
over1aye<i on the first. nK>tor 52 is controlled to rotate 35 
head 28 to the next desired position and shutter 44 
again opened and dosed appropriately. Once a gh^en 
spot has been exposed as desired (typically with a 
single exposure), table 40 is advanced to the next 
position, head 28 rotated to the desired angular post- 40 
tion for that next spot and shutter 44 again opened 
and dosed appropriately so as to expose^the respec- 
tive spot on the photosensitive plate 38. Obviously, 
the process may be continued under fufl conb-ol of the 
computer unta the exposure of the photosensitive 45 
plate 38 or at least a pattern thereon is complete. 
Thereafter, the same may be developed and repro- 
duced using, by way of example, any of the commonly 
used techniques for reproducing holograms In gen- 
eral, induding contact printing processes, as well as 50 
rdler and other emt>ossing processes, hot stamping 
and the like. 

Obviously, from the foregoing It may be seen that 
the computer control of the system t>ased upon Image 
information first created on the computer will allow the ss 
rapid creation and/or alteration of a design without 
requiring the production of the corresponding three- 
dimensional object or alternatively the creation of two- 



dimensional artwork by hand. By way of example, the 
creation of a hdogram which will provide the date as 
one Image and a nan^ identifying die event as 
another image for authentication of ticlcets to the 
event could be generated on the computer screen 
exceedingly fast, and then automatically converted to 
an actual exposed and developed hologram for sub- 
sequent reproduction very efficiently. 

Now referring to Figure 4, an alternate embodi- 
ment of the apparatus for exposing the photosensitive 
plate 38 vnay be seen. Here instead of using a diffrac- 
tion grating in the rotating head 28 of Figure 3 to split 
the laser beam into two beams (plus a third central 
beam which is blocked), a rotating head 54 is used, 
the rotating head having a beam splitter 56 therein for 
splitting the inconUng beam 58 into two beams 60 and 
62 which In turn are reflected and pass through lenses 
64 and 66 to impinge on the photosensitive plate 38 
from opposite sides thereof to form the desired diffrac- 
tion grating at the angle of the head 54 at the time of 
the exposure. In general of course, during each 
exposure It is contemplated that the rotating head 54 
be statktnary at (he desired positk>n, though rotation 
would appear continuous as the exposure times are 
sufficiently low. 

Now referring to Figure 5, a stiQ further alternate 
embodiment system for exposing the photosensithre 
plate 38 may be seen. In this system, a beam splitter 
68 splits the original beam 70 into two beams 72 and 
74 which are coupled to fiexilHe polarization preserv- 
ing optical fibers 76 and 78 respectively, coupled to a 
rotatable head 60. The optical fibers are mechanically 
coupled Io slideatrfe arc segments 82 and 84 so as to 
each point toward the aperture In plate 42 for expos- 
ing a spot on the photosensitive plate 38 therebehind, 
though are variable In angle with respect thereto 
under control of controller 48a controlled by computer 
46a. In the system, the mirrors are coupled to rotate 
as required, with the t>eams be\r\g focused as des'red 
by lenses or lens systems 86 and 88. The entire head 
is rotatable by motor 90 under computer control to 
contrd the angle of the diffraction grating, with the 
contrd of the positbn of the sliding assemblies 82 and 
84 controlling the angle of the beam portions imping- 
ing on a spot and thus controlling the spacing of the 
lines in the interference pattern created thereon. In 
that regard, k should be noted that while the angle of 
both beam porttons is shown as being controllable in 
Figure 5. normally in unison with each other, the two 
do not need to be controlled in unison and, in fact one 
beam portion may t>e stationary at some fixed angle 
wHh only the other beam portton being conb-ollable to 
vary the diffractton grating spadng as desired. While 
the lines of the drffractton grating generated will not t>e 
straight if the angles of impingement of the two beam 
portions are not equal, as with one stationary and one 
variable angle beam portion, the size of the spot being 
exposed in comparison to the geometry of the optical 
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system in general w91 be such that the extent of cur- 
vature of the lines of the diffraction grating wHl nor- 
mally be fatily minimal. 

Now referring to Rgure 6, a stOI further alternate 
emt>odiment apparatus for creating the holograms of 5 
the present invention may be seen. In this emt)odi- 
ment the beam 70 firom the shutter 44 is split into four 
components 100. 102. 104 and 106 by beam splitters 
108, 110 and 112 and mirror 1 14. Each of the beam 
components 102, 104 and 106 has an electronically 10 
controlled shutter 116, 118 and 120, respectively, in 
its path. The beam component 100 is applied to opti- 
cal fiber 122 which forms the reference beam on the 
spot to be exposed on the photosensitive plate 38. 
Beam components 102, 104 and 106, if passed by the 15 
respective shutters, are applied to the ends of three 
other optical fibers to selectively provide one or ny>re 
correspondir>g beam components at any of three dif- 
ferent angles with respect to the spot surface on the 
photosensitive plate 38. Thus, by way of example, if 20 
shutter 116 is first opened and shutters 118 and 120 
closed, then upon opening shutter 44. reference 
beam component 100 together with beam component 
102 will provide the interfering beams to generate the 
difTraction grating at the exposed spot of the photo- 25 
sensitive plate 38. Because of the relatively large 
angle between beams 100 and 102, the diffraction 
grating spacing will be relatively small.' If instead shut- 
tar 1 18 is open and shutters 1 16 and 1 20 are closed 
when shutter 44 is open, reference beam portion 100 30 
arKj beam portion 104 wtH be used, providing a diffrac- 
tion grating of increased grating spacing with, of 
course, the use of beam 106 instead of beams 102 
and 104, together with beam 100 providing the smal- 
lest angle t>etween the two interfering beams and thus 35 
the largest grating spacing. 

As before, the entire head 80a is rotatat^le about 
an axis perpendicular to the photosensitive piate 38 
by motor 90 controlled by the computer, preferably In 
relatively small inctements. such as, by way of 40 
example, one degree increments. In that regard it 
should be noted that optical fibers and fiber optic bun- 
dles may be made relatively flexible, artd because 
zero and 180 degree positions of a diffraction grating 
are the same, in the limit only a plus or minus ninety 45 
degree rotation range for head 80a is required, though 
a larger angular range Is desirable as the same will 
allow a look-ahead capability to be used to allow rota- 
tion of the head 60a through a minimum angle from 
exposure to exposure in most cases. so 

Now refening to Figure 7, a further alternate 
embodiment apparatus for creating the holograms of 
the present invention suitable for the creation of large 
or very large holograms may be seen. Here a hot 
stamping head 1 30 is mounted on an X-Y translation 55 
system over a thermoplastic substrate 132 which, by 
way of example, could be as large as a conventional 
bilttoaid. In general, the stamping tool would be a 



temperature controlled, heated tool which could be 
rotated at>out its axis through the desired angular vari- 
ations of the diffraction gratings. If desired, tiie hot 
stamping head could include a plurality of such tools 
for variable grating spacing, rotating the desired tool 
to the stamping position and the same to the desired 
angle prior to hot stamping each spot on the themiop- 
lastic substrate. Typically, for very large holograms, 
spot sizes will be proportionately larger. In such a sys- 
tem the circular spots of Figure 1 are convenient, or 
alternatively other shapes could also be used, such as 
by way of example, tiie six sided regular polygon so 
that the same may be interfaced as shown In Figure 
8 to provide a selection of three diffraction grating 
angles and yet stfll cover the entire area. 

As an alternative to the system shown in Figure 
7. the therrTK>plastJC substrate 1 32 may be provided in 
roil form and transferred line by line between two rolls, 
with the X-Y drive system of Figure 7 merely havirtg 
a lateral drive system, ttie longitudinal drive effec- 
tively being accomplished by advancing the thermop- 
lastic material one spot width after each lateral line of 
the pattern Is fonmed. This is iQustrated in Rgure 13. 
In that regard, as an alternate to the hot stan^mg 
head, the diffraction gratir>gs may be provided as 
transfers on a tape as aiustrated in Rgure 9 and trans- 
fen-ed to the substrate at each spot position at the 
appropriate angle by rotating the transfer tape support 
and takeup reel, etc. to the appropriate angle before 
the transfer for each spot is accomplished. Such a 
transfer technique could be used, by way of example, 
with the systems of Figures 8 and 13. However such 
a hologram Is created, the same will provide an attrac- 
tive (mage for biiit>oards whereby a particular group of 
spots create an image at a specific angle of view and 
illumination, which will change with the angle of view 
and/or iltumlnation. For instance a sign might display 
one message Illuminated by the morning sun. another 
message by the afternoon sun and a still lUrther mes- 
sage when tit at night Alternatively, a baiboani fabri- 
cated in accordance witi) the present invention might 
be Olumlnated from three different positions as shown 
In Figure 10 so that the people at different positions 
wHI see different patterns or messages from the same 
billt>oard. SimParly. the lighting might be changed with 
time so that all pattems could be viewed over a period 
of time from one position, either by cycling through the 
lights one by one or by bringing one up slowly as a 
previous light source fades down so that one mes- 
sage or pattern fades into another, or two complimen- 
tary images are viewable at the same time. 

Now referring to Figure 11, an embodiment simi- 
lar to tfiat of Figure 3 may be seen, the embodin>ent 
of Figure 1 1 further including the capability of varying 
the grating spacing as well as the grating angle. In this 
embodiment, components which may be sut>stantially 
identical to those of Figure 3 and function in the same 
general manner are identified with the same numer- 
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als. However, in this embodiment, instead of a single 
motor 52 controlled to rotate diffraction grating 26 to 
the desired angle, two motors 52a and 52b are pro- 
vided, each controltably rotating members 28a and 
28b comprising a variable diffraction grating assem- 5 
biy as shown in Figure 12, Here a rotating head 140 
carries a number of diffraction gratings 142, 144, etc. 
disposed in a cirde therea round, which drde passes 
through the center or axis of members 28a and 28b. 
The diffraction grating member 140, eight being io 
shown in the figure, are each of a different grating 
spacing, for simplicity each being angularly oriented 
so that rotation of member 140 In angular Increments 
of 45 degrees and multiples thereof will bring a new 
diffraction grating onto the axis of the assembly, is 
though each with the same angular orientation when 
so disposed. Schematically illustrated in the figure Is 
a gear 146 driving the periphery of member 140, with 
a larger gear 148 driven by member 28b (Figure 11) 
being connected to and driving gear 146. By proper 20 
selection of the gear ratios, a single rotation of menv 
ber 28b by motor 52b will rotate the diffraction grating 
member 140 also through a single rotation. A rotation 
of member 28a by motor 52a, on the other hand, will 
rotate a member supporting the axes of members 140 25 
and gears 146 and 148. TTius, the rotafion of members 
28a and 28b in unison will rotate the entire assembly 
about the optical axis, thereby rotating the diffraction 
grating which Is aligned with the optical axis to any 
desired angle (Preferably in relatively small incre- jo 
mentsof. say, 1 degree and multiples thereoO. On the 
other hand, rotation of member 28b in 45 degree 
increments and multiples thereof without rotation of 
memt>er 28a will vary the diffraction grating aligned 
with the optical axis of the system, bat not the angle 35 
thereof. Thus in the example shown and described, 
any of eight diffraction gratings may t>8 aligned with 
the optical axis of the system, with all of them when 
so aligned being rotatable about the optical axis in 
relatively small ang ular increments, such as 1 degree. 40 
Obviously, of course, if desired various other 
schemes might be employed for varying the diffraction 
grating spacing, such as. by way of example, a drive 
motor may be provided on the rotatable head for rotat- 
ing memt>er 140. though such a scheme would 45 
require slip rings or some other means of providing 
power to the rotating assembly, in other cases, how- 
ever, where only a small number of diffraction grating 
spacings are desired, such as, by way of example, if 
only two dtfferent spacings are desired, the diffraction so 
grating might slide onto and away from the optical axis 
of the system under the influence of gravity, this being 
particulariy fadlitated by the fact that the diffraction 
grating angles repeat every 180 degrees rather than 
every 360 degrees, allowing one grating to be in place 55 
over a 180 degree range of head rotation to provide 
the full grating rotation capability, and the other grat- 
ing to be in position over the other 180 degree head 



rotation to provide Che full grating angle range for the 
second grating. 

There has been descrit)ed herein new and unique 
holographic diffraction grating patterns and methods 
for creating the same which have many advantages 
over conventional hologram creation and reproduc- 
tion techniques. WhSe tlie holograms of the present 
Invention liave been refenBd to shown and described 
herein In various places as being orthogonal spot mat- 
rices, it is to be understood that the same are not 
limited to the use of orthogonal matrices or the use of 
spots defining a pattern which fall on matrix locations 
of an orthogonal matrix (though such Is preferred) but 
Instead may be used to form free-form pattems or 
even to form spots localized but distinctive and readily 
recognizat>l6 spots of glitter in images of any kind for- 
med by other techniques, such as, by way of example, 
ordinary printing procedures. Thus, while the present 
Invention has been disclosed arid descrit>ed with res- 
pect to certain preferred embodiments thereof, it will 
be understood by those siulled in the art that various 
changes In form and detail may be made therein with- 
out departing firom the spirit and scope thereof. 



Claims 

1 . A method of fonmlng holog naphlc diffraction g rat- 
ing pattems comprising the steps of: 

(a) providing a member having a photosensi- 
tive region thereon; 

(b) providing a means for exposing a spot on 
the photosensitive region of the member to a 
holographic diffraction grating, the spot hav- 
ing an area of only a very small fraction of the 
area of the photosensitive regior^ 

(c) exposing a spot on the photosensitive reg- 
ion of the member to the holographic diffrac- 
tion grating; and. 

(d) repeating step (c) a plurality of times for a 
plurality of spots having different locations on 
the photosensitive region to define a pattern 
thereon. 

2. The method of daim 1 wherein the holographic 
direction grating is varied between at least some 
of the exposures of steps (c) and (d). 

3. The method of daim 1 wherein the holographic 
diffraction grating is varied between at least some 
of the exposures of steps (c) and (d) by varying 
the angle thereof about an axis perpendicular to 
the local surface of tiie photosensitive region. 

4. The method of daim 1 wherein the holographic 
diffraction grating is varied between at least some 
of the exposures of steps (c) and (d) by varying 
the spadng of the lines of the diffraction grating. 
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5. The method of daim 1 wherein the hoJographic 
diffraction grating Is varied between at least some 
of the exposures of steps (c) and (d) by varying 
the angle thereof about an axis perpendicular to 

the local surface of the photosensitive region and 9 
at the same or other times varying the spacing of 
the lines of the difliraction grating. 

6. The method of daim 1 wherein in steps (c) and 

(d). the spots are exposed in a predetermined io 
manner. 

7. The method of daim 1 wherein in steps (c) and 
(d). the spots are exposed in a manner so as to 
trace out a specific decorative pattern. i5 

8. The method of daim 1 wherein in steps (c) and 
(d), the spots are exposed In a raster scan pat- 
tern. 

20 

9. The method of daim 1 wherein the spots are 
round. 

10. The method of daim 1 wherein the spots are poly- 
gonal. 25 

11. The method of daim 1 wherein in steps (c) and 
(d), the exposure Is varied t>etween at least some 
spots. 

30 

1Z A method of forming holographic diffraction grat- 
\ng patterns comprising the steps of: 

(a) providing a member having a surface the- 
reon; 

(b) providing a means for impressing a 35 
holographic diffraction grating on a spot on the 
surface, the spot having an area of only a very 
small fraction of the area of the surface; 

(c) impressing a holographic diffraction grat- 
ing on a spot on the surface using the means 40 
provided in step (b); 

and. 

(d) repeating step (c) a plurality of times for a 
plurality of spots having different locations on 

the surface to define a pattem thereon. 45 

13. The method of daim 12 wherein the holographic 
diffraction grating is varied between at least some 
of the exposures of steps (c) and (d). 

50 

14. The method of daim 12 wherein the holographic 
diffraction grating is varied between at least some 
of the exposures of steps (c) and (d) by varying 
the angle of the means for Impressing a 
holographic difhractfon grating on a spot about an 55 
axis perpendicular to the current spot area t>efore 
making the respective Impression. 



15. The method of daim 12 wherein in step (b), a 
plurality of means for impressing a holographic 
diffraction grating on a spot on the surface are 
provided, and the spacing of the lines of the 
hdographic diffraction grating impressed in steps 

(c) and (d) is varied between at least some of the 
Impressions of steps (c) and (d) by varying wMch 
means for impressing a hdographic diffraction 
grating on a spot on the surface Is used. 

16. The method of daim 12 wherein in step (b), a 
plurality of nrteans for impressing a holographic 
diffraction grating on a spot on the surface are 
provided, and wherein the holographic diffiractlon 
grating is varied between at least some of the 
exposures of steps (c) and (d) by varying the 
angle of the means for impressing a holographic 
diffraction grating on a spot about an axis perpen- 
dicular to the current spot area before maldng the 
respective impression and at the same or other 
times varying the spacing of the lines of the dif- 
fraction grating by varying which means for 
Impressing a hdographic diffraction grating on a 
spot on the surface is used. 

In a predetermined manner. 

17. The method of daim 12 wherein In steps (c) and 

(d) . the spots are impressed in a manner so as to 
trace out a spedflc decorative pattem. 

18. The method of daim 12 wherein in steps (c) and 
(d). the spots are impressed in a raster scan pat- 
tern. 

19. The method of daim 12 wherein in steps (c} and 
(d)t the spots are impressed using a transfer pro- 
cess. 

20. The method of daim 12 wherein In steps (c) and 
(d). the spots are impressed using a hot transfer 
process. 

21. An artide having a diffraction pattem thereon 
comprising a plurality spots defining the pattem, 
each spot having a different locaUon on the artide 
and defining a diffraction grating of a specific 
spadng and angular orientation for that spoL 

22. The article of claim 21 wherein the hdographic 
diffraction grating varies between at least some of 
the spots. 

23. The artide of cta^ 21 wherein the angle of the 
hdographic diffraction grating varies between at 
least some spots. 

24. The artide of daim 21 wherein the spacing of the 
lines of the holographic diffraction grating varies 
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between at least some of the spots. 

25. The article of claim 21 wherein the spacing of the 
lines of the holographic diffraction grating and the 
angle of the holographic diffraction giBting varies 5 
between at least some of the spots. 

26. The article of claim 21 wherein the spots trace out 
a specific decorative pattern. 

27. The artide of claim 21 wherein the spots are dis- 
posed in a rectanguiar matrix. 

26. The article of claim 21 wherein the spots are 

round. 15 

29. The article of dalm 21 wherein the spots are rec- 
tangular. 

30. The article of daim 21 wherein the diffraction grat- 20 
ing at each spot is formed by hot stamping. 

31. The article of daim 21 wherein ftte diffraction grat- 
ing at each spot is defined by a transfer having the 
diffraction grating thereon and fastened to the 25 
artide at the desired location and angle. 
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